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Abstract. In the EU there is a need to improve the energy efficiency due to the limited scope of any 
other energy supplies in the short/medium term. Moreover for a sustainable development of the 
agrarian sector, energy save is needed. In this sector, the machinery and irrigation consumes the 
seventy percent of the total energy end-use. In machinery, the sixty five percent of the fuel in the farm 
is consumed by the tractor. The tractors energy efficiency has been labelled according to the fuel 
needed to work a unit and incentives to promote the migration to more efficient tractors are given to 
the farmers. The aim of the work was to characterize the farms on tractor potential energy save and 
efficiency. To characterize the farms a cluster analyses was developed according to the tractor age, 
energy label and tractor use/tillage. Primary sources as personal surveys to farms were applied. Three 
clusters on potential energy save were obtained, i) Extreme energy save (42.5% of the sample), with a 
20-40% potential energy save, more than 10 years old tractors working in conventional and superficial 
tillage with D-E energy label, ii) Energy save (32.5% of the sample) with a 5-20% potential energy 
save, from 6 to 10 years old tractors working on superficial-conventional tillage with C energy label 
and iii) Moderate energy save (25% of the sample), with an energy save less than 5%, under 5 years 
old tractors in no or shallow tillage farms and A-B energy label.  
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INTRODUCTION    
 
In the Community there is a need for improved energy end-use efficiency, managed 
demand for energy and promotion of the production of renewable energy, as there is relatively 
limited scope for any other influence on energy supply and distribution conditions in the short 
to medium term, either through the building of new capacity or through the improvement of 
transmission and distribution. There is a need to contribute to improved security of supply 
(Directive 2006/32/EC of the European Parliament and of the Council). Improved energy end-
use efficiency will also contribute to the reduction of primary energy consumption, to the 
mitigation of CO2 and other greenhouse gas emissions and thereby to the prevention of 
dangerous climate change. These emissions continue to increase, making it more and more 
difficult to meet the Kyoto commitments. Human activities attributed to the energy sector 
cause as much as 78 % of the Community greenhouse gas emissions. The Sixth Community 
Environment Action Programme, laid down by Decision No 1600/2002/EC of the European 
Parliament and of the Council, envisages that further reductions are required to achieve the 
United Nations Framework Convention on Climate Change long-term objective of stabilising 
greenhouse gas concentrations in the atmosphere at a level that would prevent dangerous 
anthropogenic interference with the climate system. Therefore, concrete policies and 
measures are necessary. Improved energy end-use efficiency will make it possible to exploit 
potential cost-effective energy savings in an economically efficient way (ITTM, 2003). 
The Directive 2006/32/EC requires actions to be implemented by the Member States 
for each goal, nevertheless the energy save depends on the final consumers of energy 
attitudes. The result of the Member States energy efficiency depends on many external factors 
which influence the behaviour of the consumers´ energy use and the willing to implement 
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energy saving methods and use energy saving devices. Therefore, Member States commit 
themselves to make efforts to achieve the target figure of 9 % of national energy savings. 
The Cabinet Meeting approved the Action Plan for period 2008 – 2012 of the Energy 
Saving and Efficiency Strategy in Spain 2004-2012 on 20th July 2007. Providing a response 
from Spain, not only to achieve the engagement established in Directive 2006/32 EC, which 
defines a common effort framework to achieve energy saving amounting to 9% in year 2016, 
but also to a much more ambitious objective, included in the ruling of the European Council 
of 9th March 2007, to achieve saving levels of 20% in the 2020 horizon. 
The measures to intensify energy savings and efficiency in Spain which complement 
other measures already in place, are motivated by the new scenario created by the recent 
escalation in oil prices. This situation is shared by all importing countries, so in principle does 
not necessarily affect the competitiveness of Spain’s economy. However, there are 
circumstances affecting the Spanish energy scenario which make recent trends in energy 
prices more worrying. The preponderance of fossil fuels in the energy balance, together with 
high degree of energy dependence and excessive energy consumption, make Spain more 
vulnerable to the new situation of energy prices. 
The Plan will generate saving worth 87.9 million tons of oil equivalent, the 
equivalent to 60% consumption of primary energy in Spain during 2006, and will enable to 
reduce CO2 emissions into the atmosphere worth 238 million tons. It focuses its efforts on 7 
sectors, Industry, Transport, Building, Public Services, Residential and computer equipment, 
Farming and Energy Transformation, and specifies particular measures for each of them 
(ITTM, 2008).  
  Farming, which consumes 4% of end-use energy, is a strategic energy sector for the 
Plan. Moreover there is a need to improve energy end-use efficiency measures for a 
sustainable development of the Agricultural Sector (IDAE, 2006). It is estimated an increase 
of the 20% the energy consumption for the period 2000-2012 cause of tillage and new 
irrigated surfaces. The main energy end-use consumers at the farm are i) farm machinery, ii) 
irrigation, iii) greenhouse crops, iv) livestock and v) fishery. The agricultural machinery 
together with irrigation represents the 70% of the farm energy end-use consumption (IDAE, 
2006). In this sense, the use of an adecuate tractor for each farming technique is essential for 
the energy efficiency. The 65% of the fuel at the farm is consumed by the tractor. 
Environmental Ministry (2008) has labelled the tractors according its energy efficiency. 
Incentives for buying more efficient tractors are given, 30 € per horsepower for A class 
tractors and 10 € per horsepower for B class tractors (Decree-law 1539/2006). The tractor 
energy efficiency is calculated as the fuel needed to work a unit (Pérez Minguijón, M. 2005, 
Márquez, L. 2004). The fuel consumption of a 15 years old tractor could be a 40% higher than 
a tractor under 5 years old (ANSEMAT, 2006). The tractor energy consumption and power 
efficiency decreases with the time. In these sense the consumption increases a 17.5% in 
tractors older than 20 years old, a 15.7% for tractors from 11 to 20 years old, a 10.6% for 
tractors from 6 to 10 years old and a 5.1% for tractor less than 5 years old (IDAE, 2006). 
Castilla and Leon is the biggest region of Spain, and one of the biggest of Europe, 
with 94,147 square kilometres which means the 18.6% of the national territory. The main 
agrarian productions of the region are meat, dairy, sugar, flour, animal feeds, bread and 
biscuits and the agrarian industry is the first industry of the area (Gordo, 1988). Nearly the 
five per cent of the agrarian production are quality products, labelled with origin 
denomination or similar certification protections (Molinero, 2000). Many singular traditional 
agrarian products are produced in the wide agronomical and varied conditions of Castilla and 
Leon region with high quality raw materials. The 45% of the agrarian production is 
agriculture and the 55% livestock. In Castilla and Leon the farms are widely diverse and 
330
heterogeneous depending on the productive orientations, size, property and location (JCyL, 
2004). According to the last register there are 175,454 farms in Castilla and Leon (Tab.1).  
 
Tab.1  
Castilla and Leon farms compare to the rest farms of Spain. 
 
 Area Agrarian Area No farms Cultivated area 
Castilla and  Leon 8.150,108 ha 5.783,831 ha 175,454 ha 3.557,705 ha 
Spain 42.180,950 ha 26.316,786 ha 1.790,162 ha 16.920,359 ha 
Source: JCyL, 2004  
 
The aim of the work is to characterize a sample of Castilla and Leon region farms on 
potential energy save in the machinery consumption. 
 
MATERIALS AND METHODS    
 
The research has been carried out using different methods according to the aims of 
the work. Firstly, secondary sources were used to analyse the machinery of the farms in 
Castilla and Leon region. The agricultural machinery were looked up, noted down and 
compiled. The official tractors energy efficiency register was consulted. SPSS 13.0 software 
package was used for the statistical analyses. Descriptive methods for the analysis were used, 
absolute and relative frequencies and accumulate percentage was obtained. 
Secondly, primary sources of information such as personal surveys to the Castilla 
and Leon farms were used to obtain the age of the tractors, models and characteristics of 
exploitation. The questionnaires were completed by pollsters in the Castilla and Leon farms. 
50 valid surveys/farms were obtained (Tab. 2) and 80 tractors were analysed. The sample was 
stratified and accidentally chosen and taking into account the type of farm, cultivation and 
location. SPSS 13.0 software package was used for statistical analyses. Absolute and relative 
frequencies and accumulated percentage were obtained. For each farm the potential energy 
save was obtained according to their use and energy label. 
 
Tab. 2 
Farms sample on tractor energy efficiency in Castilla and Leon. 2010. 
 
 Location Province Valid  Tractors sampled 
 15 Valladolid 25 48 
 3 Palencia 10 17 
 9 Zamora 15 15 
Total 27 3 50 80 
 
Finally, to characterize the farms on tractor potential energy save and efficiency a 
cluster analyses by Ward method was developed according to the tractor age, energy label and 
tractor use/tillage. SPSS 13.0 software package was used for the Cluster analyses by Ward 
method. Different scenarios of energy tractor efficiency were created. The scenarios 
methodology is used in prospective analyses. They are hypothetical series of events based on 
causal processes and decisions (Kahn y Wiener, 1967). Gomez Limón, 2007, indicates that all 
the prospective studies are using scenarios models. In these sense, is essential for a proposed 




RESULTS AND DISCUSSIONS     
 
The farm machinery in the region means the 12.57% of the total of Spain. The 
number of automotive farm machines increases in the region every year. In the period 2005-
2009 in Castilla and Leon, 5,308 new farm machines were inscribed (+3.14%), the 17.38% of 
the total inscribed in Spain (ERFM, 2009). Taking into account that the fuel, lubricants, 
maintenance and repair costs of the farm machinery means the 38-50% of the farm costs, the 
energy efficiency is also a competitiveness matter for the farmers.  
The 23.75% of the sampled tractors were under five years old. Nevertheless, the 15% 
of the sample were older than 20 years which means an increase of the fuel and energy 
consumption and power wasted. The replacement of those old tractors would mean a 12.4% 
of fuel/energy consumption saved. The 25% of the tractors of the sample were 11-20 years 
old which means a fuel overconsumption of the 15.7%. The replacement of these tractors 
would save a 10.6% of the tractor fuel consumption. The most of the sampled tractors were 6-
10 years old and their replacement would mean a 5.5% of energy saved. Although an 
important number of the sampled tractors (60%) were under 10 years old, a significant 
number (40%) of them were old tractors that could save 10.6-12.4% of fuel and energy.  
 
Tab. 3  











< 5 years 23.75 0.9 5.1 
6-10 years 36.25 5.3 10.6 
11-20 years 25 11.05 15.7 
> 20 years 15 14.5 17.5 
  
Diversification and Energy Saving Institute (IDAE, 2006) proposes periodical 
revisions for tractors and the replacement of the old and inefficient ones. In this sense, the 
market tractor models were labelled according its energy efficiency for buyers. Five energetic 
classes were created. The “A” class is the most efficient and the less efficient is the “E” class. 
The 16.0% of the sampled tractors were “A” class. The “A” class, are the most efficient ones 
which an average consumption of 0.322 litres per kilowatt and hour. The 8% of the sampled 
tractors were “B” class models with an average consumption of 0.349 litres per kilowatt and 
hour. The replacement of “B” tractors by “A” tractors mean a 8.39% of fuel consumption and 
energy save. The most of the sampled tractors (32.0%) were “C” class with a consumption of 
0.36 litres per kilowatt and hour. When a “C” tractor is replaced by an “A” tractor, an 11.8% 
of the fuel consumption is saved. When a “C” class tractor is replaced by a “B” class one a 
3.15% of the fuel consumption is saved. The 10% of the sampled tractors were “D” class with 
0.384 litres per kilowatt and hour of fuel consumption. When a “D” class tractor is replaced 
by an “A” tractor, a 19.41% of the consumption is saved. The 12% of the sampled tractors 
were “E” energy label with a consumption of 0.405 litres per kilowatt and hour. The 






Tab. 4  














A 16 0.322 0.00  
B 8 0.349 8.39 0.00 
C 32 0.36 11.80 3.15 
D 10 0.384 19.41 10.03 
E 12 0.405 25.93 16.05 
    
The 22% left tractors of the sample are too old to be classified in any of those 
groups. It has been estimated that if those old tractors are replaced, farms could save at least 
as “E” class. In this case, would be expected that a renovation of the 34% tractors of the 
region could save more than the 25% of the fuel and energy consumption. 
To analyse the machinery use, the number of works and the depth of the tilling have 
been considered. For a deep till is considered a fuel consumption of 46 litres per hectare 
meanwhile a shallow till means a reduction of 45% of the consumption (25.5 litres per 
hectare) and no till means a reduction of the 80% of the fuel consumption (IDAE, 2006). The 
18% of the farms of the sample were conventional/deep tillage. Only the 4% of the farms 
were shallow tillage. The most common in the region farms is to combine tillages like 
shallow-conventional tillage (64% of the farms) which could save the 80% of the 
consumption when they make no tillage and 40% for the shallow-no tillage. 
 
Tab. 5 







save to no tillage 
Conventional  18.0 80% 
Shallow tillage 4.0 40% 
No tillage 4.0 - 
Conventional-superficial 64.0 80% 
Shallow – no tillage 10.0 40% 
 
According to the dendrogram results produced by cluster analysis, farms are 




 Fig. 1. Dendogram obtained by cluster analysis (Ward method) on the age, energy label and tillage of 
the farms tractors. 
 
Three clusters on potential energy save were obtained and three different energy save 
scenarios have been created. The first is an Extreme energy saving Scenario for the 42.5% of 
the farms sampled. This scenario presents a 20-40% potential energy save, with tractors over 
10 years old with D-E energy label and working in conventional and superficial tillage. Those 
are traditional farms with old farmers tilling in old style and no easy to adapt to the new 
334
technologies and minds. The second cluster is an Energy saving Scenario for the 32.5% of the 
farms sampled. This cluster could save 5-20% of the end-use energy. They are farms with 6-
10 years old tractors with C energy label. They make superficial-conventional tillage. Some 
of them are farmers that the economical situations of inputs and prices forced them to reduce 
the number and depth of the tillage. The third cluster is a Moderate energy saving Scenario 
for the 25% of the sampled farms. This Scenario could save under a 5% of the energy 
consumption. This cluster includes farms with tractors under 5 years and A-B energy label. 
This cluster farms makes no or shallow tillage and used to be young farmers who starts in the 
business and try to include innovative practises. 
 
CONCLUSION    
 
1. The number of farm machines increases in Castilla and Leon region every year 
(3.1% from 2005 to 2009) added to an exponential increase of tractors energy consumption. 
2. An important number of the sampled tractors (60%) are less than 10 years which 
means a potential energy saving less than 5.5% meanwhile the rest 40% are old tractors which 
replacement could means from 10.6% to 12.4% energy saving. 
3. Only the 16% of the sampled tractors are energy label “A”, most efficient which 
average consumption is 0.322 litres per kilowatt and hour. 
4. A replacement of the nearly 34% of the tractors of the region into “A” efficiency 
energetic label could save more than 25% of consumption. 
5. The 18% of farms of the sample were conventional/deep tillage. Only the 4% of 
the farms are superficial tillage. Most of the farms combine superficial-conventional tillage 
(64% of the farms) which could save the 40-80% of the consumption when they were no 
tillage or superficial-no tillage. 
6. A scenario of Extreme energy save for the 42.5% of the sample has been obtained, 
with a 20-40% potential energy save, more than 10 years old tractors working in conventional 
and superficial tillage with D-E energy label. 
7. A scenario of Energy save has been obtained for the 32.5% of the sample, with a 
5-20% potential energy save, from 6 to 10 years old tractors working on superficial-
conventional tillage with C energy label. 
8. A third scenario of Moderate energy save for the 25% of the sample has been 
obtained by the cluster analyses, with an energy save under 5% of the consumption, under 5 
years old tractors in no or shallow tillage farms and A-B energy label.  
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